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Summary. 

Vapour pressure and spectrophotometric measurements have 
been made on solutions of cupric chloride. It is found that this 
salt is incompletely dissociated, foiming the intermediate ion, 

CuCl +, to an appreciable extent. An appioximate estimate j 

suggests that at a concentiation of 1 m, about 25% of the s 

copper is present as CuCl+, a percentage which becomes about j 

twice as great at a concentration of 5 m. j 

Introduction. i 

The use of spectrophotometric measurements in elucidating the 
constitution of cobalt chloride in concentrated aqueous solution has 
been described recently by Robinson and Brown (1947), who con¬ 
cluded that the blue colour developed on the addition of concentrated 
solutions of other chlorides was due to the formation of the undissoei- 
ated molecule of cobalt chloride. This transition from rose to bine 
solutions calls to mind the less spectacular change from blue to yellow 
exhibited by cupric chloride solutions on the addition of concentrated 
solutions of other chlorides and affords a problem which can also be 
attacked by spectrophotometric measurements. 


Determination of Thermodynamic Quantities. 

Isopiestic vapour pressure measurements have been made on 
cupric chloride solutions up to 2-8 m. by Robinson and Stokes (1940) 
and on cupric nitrate solutions up to 2 4 m. by Robinson, Wilson and 
Ayling (1942). These measurements have now been extended up to 
the saturated solutions, using calcium chloride or sulphuric acid as 
reference electrolytes. Table I gives the molalities of pairs of solutions 


m CuClo 

2.230 

4.226 

3.367 

mCu(N0 3 ) 

2.809 

5.187 

6.690 


Table I. 
mCaCl 
1.825 
2.897 
3.413 
o m HoS0 4 
" 3.683 
6.675 
8.565 


—Isopiestic Vapour Pressure Measurement 

mCllClo 

mCaClo 1 

mCuCL 

mCaCL 

3.100 

2.339” 1 

3.466 

2.532 

4.482 

3.015 

4.701 

3.112 

5.750 

3.567 



mCu(N0 3 )« 

m H«SO| 

mCll(NO,) 

o mHoSO, 

3.400 

4.431 

4 116 

5.346 

3.295 

6.815 

5.7 56 

7.386 

7.840 

9.999 




mCuCL 
3.887 
5.033 

niCu(N0 3 ), 

3.067 

6.160 


mCaClo 

2.744 

3.264 

mHoSO, 

6.513 

7.924 


which were found to have equal vapour pressures. Prom these experi¬ 
mental results, the osmotic and activity coefficients have been evalu¬ 
ated and are recorded in Table II. A plot of the activity coefficients 
against y/m (Pig. 1) now merits consideration. On this graph the data 
for magnesium chloride have been plotted to illustrate the behaviour 
of a fully dissociated salt with a heavily hydrated cation. The data 
for cobalt chloride and cobalt nitrate have also been inserted; both 
of these salts belong to this class of salt, although at the highest con¬ 
centrations cobalt chloride shows a slight departure from the expected 
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—Osmotic and Activity Coefficients of Cupric Chloride and Nitr 
at 2o°. 

Cupric Chloride. Cupric Nitrate. 

m 

9 

r 

9 

7 

0.1 

0.845 

0.508 

0.847 

0.511 

0.2 

0.843 

0.453 

0.849 

0.460 

0.3 

0.848 

0.429 

0.860 

0.439 

0.4 

0.860 

0.417 

0.875 

0.429 

0.5 

0.6 

0.876 

0.411 

0.895 

0.426 

0.892 

0.409 

0.914 

0.427 

0.7 

0.908 

0.409 

0.934 

0.431 

0.8 

0.922 

0.410 

0.955 

0.437 

0.9 

0.938 

0.413 

0.978 

0.445 

1.0 

0.952 

0.417 

1.001 

0.455 

1.2 

0.978 

0.425 

1.046 

0.478 

1.4 

1.000 

0.434 

1.087 

0.503 

1.6 

1.022 

0.444 

1.131 

0.333 

1.8 

1.043 

0.455 

1.177 

0.569 

2.0 

1.062 

0.466 

1.224 

0.609 

2.3 

1.100 

0.494 

1.339 

0.727 

3.0 

1.131 

0.520 

1.480 

0.903 

3.5 

1.160 

0.547 

1.610 

1.118 

40 

T.183 

0.573 

1.732 

1.381 

4.5 

1.201 

0.597 

1.841 

1.690 

5.0 

1.219 

0.621 

1.940 

2.05 

3.3 

1.237 

0.647 

2.036 

2.48 

6.0 

1.257 

0.675 

2.125 

2.98 

6.5 

* — 

— 

2.208 

3.55 

7.0 

— 

— 

2.286 

4.21 

7.5 

— 

— 

2.357 

4.95 

8.0 

— 

— 

2.424 

5.79 


curve, a behaviour which is associated with tli£ development of blue 
colour and which has been ascribed to the formation of small amounts 
of the undissociated molecule. The lowest curve is that of zinc 
chloride; it is clearly most anomalous and its behaviour has been 
interpreted by Stokes (1947) to indicate the almost complete 
formation in moderately concentrated solution of the complex salt, 
Zn (Z 11 CI 4 ). Of the two salts now studied, cupric nitrate falls into 
the category of hydrated fully dissociated salts, but cupric chloride 
exhibits anomalies similar to those of cobalt chloride and zinc chloride. 
In particular, attention may be drawn to the position of the cupric 
chloride curve below that of the nitrate. 

In the earlier paper it was shown that the formation of cobalt 
chloride molecules proceeded to so slight an extent that the vapour 
pressures of solutions containing equimoleeular amounts of cobalt and 
calcium chloride could be calculated with fair accuracy from the 
vapour pressures of solutions of the constituent salts. The same was 
true for solutions containing two mols of lithium chloride to one mol 
of cobalt chloride. That this is not true for cupric chloride has 
already been observed by Robinson and Stokes (1946), who found 
that a solution of 1 m. KoCuC1 4 had a vapour pressure lowering 8 - 8 % 
less than the calculated. This significant departure from the calculated 
value is substantiated by further measurements, recorded in Table III, 
which show marked anomalies up to very high concentrations. This 
abnormal behaviour may be due to formation of the intermediate ion, 
CuCl+, the undissociated molecule, CuCla, or complex ions such as 
CuCl 3 - or CuCl 4 . To investigate these possibilities, some light 
absorption experiments have been made. 
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Fig. 1. —Tlic Activity Coefficients of Cupric Chloride and Nitrate, compared 
with those of other Salts of the same Valency Type. 

Table III .—Observed and Calculated Vapour Pressure Lowerings of (A) Solu¬ 
tions containing two Mols of Lithium Chloride per Mol of Cupric 
Chloride and [B) Equimolecular Solutions of Calcium Chloride 


and Cupric 

Chloride. 




V.P. lowei ing 

in mm. Hg. 


mLioCuCU 

Ohs. 

Calc. 

% Difference. 

0.825 

2.720 

2.903 

4* 6.7 

1.545 

5.649 

6.284 

+ 11.2 

2.093 

7.904 

8.712 

+ 10.2 

2.247 

8.417 

9.313 

+ 10.6 

mCaCuCl, 




1.303 

3.879 

4.163 

+ 7.3 

1.800 

5.770 

0.347 

+ 10.0 

2.432 

8.170 

9.088 

+11.2 

3.032 

10.156 

11.391 

+ 12.2 


Spectrophotometric Measurements. 

Investigation of the absorption of light by cupric chloride solu¬ 
tions, using the Coleman, No. 11, spectrophotometer, showed that the 
blue solutions gave a strong absorption in the “far red.” This absorp- 




‘2‘2 


Transactions 


tion is typical of blue copper compounds and is frequently used in 
light filters to remove undesirable infra-red rays. On the addition of 
chloride ions, however, another absorption band appeared in the 
violet” with a maximum about 375 m/x. This figure is only approxi¬ 
mate, since it falls outside the accurate range of the instrument. 
Nevertheless, it was felt that by the additional use of the Coleman 
PC 6 filter with a maximum transmittance at 355-400 m/ 4 , sig nifi cant 
readings could be made. Furthermore, it was shown that Beer’s Law 
relating intensity of light absorption to concentration was satisfac¬ 
torily true at this wave length as is shown by the following values 
with a solution of 16-9 m lithium chloride and varying concentrations 
(mols per litre) of cupric chloride. D, the optical density, is defined 
by:— D = log I/Io = k c, 

where k is a constant. 

C D k c D k 

0.000813 1.45 1780 0.000310 0.545 1720 

0.000013 1.12 1830 0.000200 0.347 1080 

0.000512 0.880 1720 0.00009!) 0.149 1510 

0.000409 0.730 1780 0.000057 0.075 1320 

In all further work, therefore, measurements were made at 
375 ni/t, a wave length taken to be characteristic of the yellow com¬ 
pound. In order to take advantage of the most sensitive density 
range, it was found that a copper concentration of 0 0005 mols per 
litre was optimal and all further measurements were made at this 
concentration. 

It was realised early in the work that blank values were extremely 
sensitive to contamination, probably by iron, which produces a very 
intense yellow colour at high chloride concentration, or by organic- 
colouring matter from cork, etc. Rigid precautions against contamina¬ 
tion had to be taken and glass-stoppered flasks and weighing bottles 
and chemically pure reagents were used throughout the work. Blanks 
without added cupric chloride were prepared with the same care as 
were the test solutions. 

Temperature was found to have negligible effect on the formation 
oi the yellow compound. Measurements were made at a temperature 
m the vicinity of 23°. 

Following the method developed for cobalt chloride, a series of 
measurements was made at a cupric concentration of 0 00051N, 
with increasing quantities of lithium chloride. In the absence of 
lithium chloride, the optical density was zero and this increased to 
a flat maximum of 104 at 23 m lithium chloride, a concentration 
which was realised by raising the temperature slightly. The fraction 
0 , copper present in the form of the yellow compound was then 
calculated by the equation : 

a — D/1 • 04, 

D being the optical density at intermediate chloride concentrations. 

To determine the effect of chloride concentration on the forma¬ 
tion of the yellow compound, the hydrochloric acid-perchloric acid 
system, of approximately constant water activity, was used as 
described by Robinson and Brown (1947). Table IV gives the optical 
density, D, and the Iractional degree, a, of formation of the yellow 
compound in* eight mixtures of hydrochloric acid and perchloric 
acid. I he water activities, a„, were calculated from the data of 
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AkerloF and Teare (1937) for hydrochloric acid and of Robinson 
and Baker (1947) for perchloric acid. 

Tabus IV. — Equilibria, of Cupric Chloride m Hydrochloric Acid-Perchloric Acid 

M ixtures. 

CuCL concentration = 0.0005 mols pci litre. 


,n HCl 
10 40 
7.051 
5.005 
5.270 
2.208 
1.714 
1.055 
0 750 


m lfC10 4 
, 0 
2.805 
4.480 
0.001 
0.814 
7.200 
7.851 
8.113 


D a a H — logKi — logK a —logK 3 — logK 4 

0 750 0.720 0.5088 0.000 1.020 2.048 3 008 

0 050 0.025 0.4005 0.025 1.572 2.310 3.10< 

0*503 0 570 0.4025 0.585 1.202 1.000 2.700 

0.433 0.410 0.4051 0.002 1.170 1.001 2.20.1 

0.333 0.320 0.40(53 0.(580 1.050 1.411 1.773 

0 250 2.240 0.4073 0.735 0.000 1.203 1.437 

0 137 0.132 0.4087 0.841 0.805 0.888 0.011 

0 001 0.0875 0.4094 0.887 0.755 0.024 0.403 

* = Kx(l-a) [C'i] 
a = K 2 (1 — a ) [CH 2 
« = K, (1 - a ) [Cl] 3 
a = K, <l-«) IC1]‘ 

Four possible equilibria are represented by the following equa- 

CU+H-+ C1-^C»C1+ 

Cu++ -f- 2C1"~ ^ CuCl, 

Cu++ ~f- 3C1“ ^ CuCl 3 “ 

Cu++ + 4C1- ^ CuCl 4 — 

corresponding to each of which there are the equilibrium constants, 
K, K-> ICg and K 4 . On substituting values of the chloride concentra¬ 
tions and the measured values of a, it was found that only Ki was to 
any degree constant. It follows, therefore, that the formation of the 
ion CuCl + , nuist be the predominant factor in the production 01 the 
yellow colour. With increasing chloride concentration, Ki increases 
from 013 to 0 25 whilst K 2 decreases from 017 to 0 024. Thus the 
values of Ki are not so satisfactorily constant as were the values 
obtained for cobalt chloride. This change in the value of Ki over a 
van°’e of chloride concentration may well mean that, whilst formation 
of the CuCl + ion is the most important effect, it is accompanied by 
some formation of the undissociated molecule, CuCl 2 . 

Ki corresponds to approximately 25% formation of the inter¬ 
mediate ion, CuCl + , at a concentration of lm cupric chloride, free 
from other salts, a figure which increases to approximately 50% at 
5 m. This should be contrasted with the formation of the undissociated 
molecule, CoCl 2 in cobalt chloride solutions, which occurs to the 
extent of only 4% at 1 m and 15% at 5 m. 
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